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1 

o iz ixBf&ztifzmi&7 y -mmmmv 
y mtmmziitz f y^vmmz^-th v y*;nai 

fiie^^it 7 y -ma . *«^frfflw$8aHc*fi m 
««E«SftfcA>f rxm^mz x -> x . m&y y 

ft) OJISJi, U£»aittt>KJl«^*|6|SSJ:"5 

*>*&<ftjes*u sasaitt^y-JUi, *cow«» 
t, a^atttey Haoft#*i*iiii*saw4iSJ: o t> $ 

&fc^3*i*d«^*«i*WI£** J: a icSS 
F\ 

2 ] fiilfi3g{gtt7 y H|a£¥3n*nVI*<c 
1±7 y-*oiaiJB«t:flPitf «S8SI»ffi<?)±4fcttTfc 

nmt -r&mscm i tistto f >^nK«sassss^ 

•yF\ 

2 tiB«« f y^mmmrnt^ •> f . 
ja±"c*saiS3» 3 (classy f y^ns^fifiK&ms^ 
nmms] miB-^m^-^Dii, o. 02^m 

[f*£E6] ffE-^X^-XD(i % 0. 0 2 um 

vxt- o. i5u mm x-h i imm 3 izm&n f y * 

[f*S«7] 15£5l«tt7y-«c0JfS(i. 2 0-5 

0 o ko)Wffl&t£ztii>to$& i =sr^ Lmrns w> 
■ftiMziimo h y^imM&tmm^ •> f . 

[»MI8J. milEFy*/F£/flSlti. *«9#JHS&Jti 
W'*ABS (AirBearing Surface) £fft£LT$r -5.lt 

%m%^ umm i <r>\ ^titHzimo f y 
warns**?*. 

1 tmm 9 ] msassm 7 y -m± . 1 y affi 

(synthetic ferri magnet) T'&Sff 1 Lll^ 

8 w >-m*H3ie«t<o f y *wKsyfitsasia!^ -y f . 

[M*« 1 0 ] Mie'^ TX^gJi, ffiftfitftfffifc 
L < (iKMttfffi. ^tl^lltti k 1 %^tm 

frvmwm k tf&tihmm 1 an l 

mm 9 co^-ftifrizimco f y^msmsaast^ 

'/ F*. 

[B*jh i i J i9ffi»»tt t y fjkobm^ ty-y 
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^i-Sfetootyjhftfl**. mESUlttey H«<oby 

^N'yr«k«-ri>fflikR^coffl(ia«§iiT^§tt 

*JS l fcn Uft&S l o ^-Wi*>tEttco F y *;WK 

[ansa 12] mb f y ^i^ffim. iis f y 
^®R**tf ± o izttmmztitz-ttcommtmmi 
izm^^tix^m^m 1 St^lim i 1 wrtu? 
izmmn f y^Awmmsm^** h . 

[11*31 1 3 ] fiie-«cO«ffi^^tf J; 3 (zttAiSI 
10 §*tfc-»c7)v-;l^Ha^<lxT^&ii*JSl 2tiBtt 

co h y*n>msmiiffl$M^ <» h . 

t m&g 14] file h y jijros* dismiss 

l£ ffiSJfC«$^-C^.Sfl*iil=SrV^Lll*iSl 3 

[000 1 3 

JftSM'V'y F (Magneto-Resistive tunnel Junction he 

20 ad) curr*. m\&M7^mT^4y* 

tT^'-f TT^Wimmy U^^h'y f -f F 
[0002] 

[fiawft*] S*tt«S®iS (Anisotropic Magneto- 
Resistance : AMR ) h \,mx t°y/ill7 (Spi n-Val v 

F^yxf'A— !fk tT^<*04>tiTV^„ MR^yf 

30 ttctiaasiifcm^sEftittaj-r&ik^TSs. a 

MR-feyif(7)ffiML$AR/R«ffi< s l~3JffBK 
rilCWtT, SV-feyifCOffi^fc^AR/ 

RJi2~7%Sffik»W coiofciOSi^Sffii*. 
•f SVKM^tijL'x-y F(i. AMRSg^ajL^ y F(c 

•y F/^f y^ 2 (Gbits/in»)Ofi«Slfft«tt»aiL&Tirfi6 
k LTV^S. 

[ 0 0 0 3 ] § 4.tCi(W»«E«fc«JJ?CS 
I6tt^i6«>fe*f Lv^M R-fc asSrJS^TV^I. „ 
40 -«r*>%. hy*>mfmBffl%%& (Magneto-Resist 
ivetunnel Junctions :MRTJJ>^ MiTMR}; tDf{f 

^^TMR^y-t{4» sv-by^fcftbS^ttft^-by 
trkLTW^iiTv^tOO. ^yK^M 

4 ^tt* -> Jttf y -e* 9 , ^ffio^fflco-o bixr 

tf^ilS. -T^^*>. TMR-fey^OttfO^ «®M 
COff§^[6j^«S2r5S-f. V">i)»9)5CPP (Current Pe 
50 rpendicular to the Plane) b&tzMZ 
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mms&tix ^=srv y% u ^ -v mmnm (design) 

[0004] tZ *>X\ i-Tizmmt^Sm^iL-oX^ 
ISV-ty-WzmiXtt. fflim.S.P. 5. 159,513^12 

mztix^&xoiz, 2m%immtf-mimm 
£jtixmmztix\^miktti-i„ xms (FeM 

3a®mtz\tiizm®LxBf$.ztimw.mii. xstfe 
&zti. mmm^mmt. -mm<vy±tbzti 

fttimmtzxm ix e acmcf- s £ t & a ? t 

KTfflz^-iftm. ■tyroWim^LX . ffiiJi^ 
-ft* A R/Rtt 2-7 %g£ t . 

[0 0 0 5] zcoXo^sv-ty^rm^tTMR^y-f 

m^m^m^mmxhihy^u^jTmzw 
aasfcaw-a* zm^xu. m^xmummn-yx 

ISlctfeSfu 2-p«5S^14)i^^L* { SW^f^, 

H^ma<o«*<ifi<4 0, ans^est (high j 

unction resistance) t^lotlh. ZtlkiifcMlZ^ 2 

(iHK^T*). ft^fili (low junction resistanc 
e) #Wt>tl&. 

[0 0 0 6] U.S.P. 5,729,410fcl±TMR-fc>~t(*?) 

im^^-y mmizmftitzmmmzhxuz. tm 
f-^^Tfc 1 ?, $t>i,zzcD£o%mmi. miBiiwm 

2<Offi^^-yTStJ:0^>-hM-yf-Sii, 
=*f> -y 7'»9lft3*iT v ^ . -ftco; h 

±ti tz£>co&Mtfmmztixu$> . 

[0 0 0 7] UpL&^&^ja&U.S.P. 5,729,410 

fflmzmxKmzm&ztix^&tMzsu rxtym* 

<rm<m$Mi-ffl<z i. &^-~?*yh~?7* ••/ 

Tx^mzumtfbh&tfmfhtih . 

[0008 ] ZO& 5%fsmt:tB&tlt:)sr>c>)— r><ry\ 

■y mfcvmtnmfrmftmMzz^xftZbti 
tz, *<o— Qtfyv -y m&rtwmmim 6 i^fis . 

a6t*S<l4TMR^F100tt, 5fc«tt7U-« 

1 2 o . h y^;MN*u rs 1 3 o . m&&t°y vm i 4 so 
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0. R3MKte£yjhtf>JBl 5 0*>8tBKi&»&$r£TMR 
fg^ 2 0 0 £fSi.T*i 0 . *<o*?«>fiiS ( 0®?>£if5 
11) (zlittSJB 19 1. 19 1 #*ft*fiJt&£;5ivO> 

ihft«l 5 OteJ: 9. -#1*1 (**)fWrfo) tffljgS 
*CC£ 9 . 3fitttt7 U 1 2 0 tt*«J»bW8Wi# 

[0 00 9] TMRS^2 0 0cO±gPt(iH-f 

S»«tt7 V-Ml 2 0<Dj3p8i±g|»i. 

^Mr^©#Sr^W(a)#|SitWJ(rtl)^^Ji.{f/N- 

-V*>-NV/*y h 1, AM 77.11 6 1, 16 

l#ffM£*rCU&. lot, BHSStt'7'J-Jil 2O0D 

iffltAM rxji 1 6 1 tfmsi Lx^&mwix'i&m 

%&mmz J; >)3*«tt7 U-* 1 2 0*»flyi*8J(«) 

17 1, 1 7 5(±. ±T-W<7)«fii$r. .^181, 1 
8 5 ti±T— *f«0v- )V FMZ^ LX v^l> „ 
[0010] H6fc*&ft«J: 33r^-y FM3t£«ttt 
S £ i: IZ X *) . STIEU . S. P. 5. 729 , 410T"£ t #-5 i 3 3r 

•y HflBSftt. JSlTJc^rtJ: 3=flrfffc«fMK«fet*i 
k sW*»»#felc J: o x«B**ife. 
[00 11] -t%b*>, **, tmrm, h>^u 

^''jratRtr-wosmttera (^atttyr-'jik^ 
istt7'j-«ra) <«ui*rtic«a^sw*&ic. m# 
^ai^ratfejtisv voaft^wftjKtftflp ix 

xhh> z. <r)$k%<n v y^i^j rmit. m^tmmx- 
$>nx. by*jimmm&izj:i9xvyzffi?L% 

i-WfflT'J £ fc<0T* & . T , 0 5 ( A ) 
(c^Stifci-SK, »8Htt>Hflik5l«tt7'J-«<o 

<mmi>bz<%& (jgfiifflRp) . ^*ifc{4j£K. h 
5 (o fc^s-h.siptiisiattiHfcfcttisv^ 

T\ W#ratmsm8iEO«tn:Ji7C#<*S (JSKfflR 

ap) . H5 (A) tZKiitl&mt. 05 (C) 

ffifgfflRmti. ±feffii5LfiRpkfieufiRap^ra«tt$rt 
0. -it^ 30tf^Sfi{±Rp<Ri<RapOlMR*SS/l 

[ 0 0 1 2 ] ;co<fc 3 iSWSIJi:, 06 (c* 
SilS^-y F«BBK*}lt43M»ty F*fc5l«tt7 'J 

-astii , 0 7 fc* s^is <t d %m i<%<. mm* 
tkt&zt mm% hnmuz x n wn uz . 

07 (A) fcSSftSJdfcSalKttfcSSlffltt^r 1 
«140k7'J-J1120k c0K^#[6j^Tff CO^. 
7'J-Sl 20C0W»1 20a, 120att. ±&L 



5 

fcj; o {cam rxlh^tfti^fci 

*^fifit«^R*pfc"t*. :«-*t. 07 (B) fc 
J: 3 fcS#Wfc3£«ttt°y KJI 1 4 0 fc 7 »J- 
JR 1 2 0 fc «BMk*W* f R 3 RfO«^, ( £ <0«^ t> * 
{i07'J~Sl2 0<OMSSSI512 0a, 120a{±, ± 

auci p caw rxjikosaw^fcj: o^ep(«)* 

8W-fc, MW.it. 43l^THLV«lif«WlsafcOR J Fff 
fcSihWtl/tatfU i s ) . H7 (B) fc 

[ 0 0 1 3 ] 07 ( B ) Ottflfr6H7 (A) COTO'V 

mmzmnm.mm < (r • ap-R - p )/r - P 

) 14, #*O05 (C ) <ZXRI»»&E|5 (A) C0tt@, 
^^tTt=#9^ffi^W((Rap-Rp)/Rp ) 
Wt*T*3<*9, TMRS5fl*WfrSc"} 
ffiTLTL4dfcl^ t S £ fc jjfcbfro 

fc. 

[00 14] 

[»»WIRfeLJ: 3 fc-f SUS] *«HB{i£<0J: 

^^>{±, r extra current channel effect j #>S^{± 
r three current channel effect j fcOf/CTUS ) £|5fi 

$51^ -y K * £ fc fc&S . £ 4> fcteA'4 

SMK -y K SrigfJt-ri, £ t fc * h . 
[00 15] 

[I$M£»&t&fci6<9¥l33 C«>J: o «riWBS:«Wfc-r 
Sfc^fc. WJJi. r-y*/PA*'jrJgfc. r-y*;^ 
'J 7«*«tr .J: 3 fc LT«£$ftfc3$E8tt7 'J-JgfcSI 
BMtey KB#»HS*ifc h vwvmm^-th v y 
*/Hg«^»vyFT-;5oT, ifiaat«tt7'J- 

a rxtt^mz £->x. mm? y -JiojM-fifc 
aw rxawwapstLTfe y , ^wmmv v-m<?> 

ttey vmomumz x y < fsg£*u s» 
m&yo-mt. *<owJB»fc, «aai«tttyHS« 

^^(SlM^ffiSJ: 0 i> § ^fc^$iifci£5S§B{i£ 
[0 0 16] *«!fl<0#4LV^«tL-C, Buffi 

aaa? y-a^ft^^rifiwffiiasfc-e-ti-fti^aas 
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<l4A>fT^ft^Sli, Md5$JStt7y-«cOM«a5 

-XD£mULXB&Ztl&. 
[ 0 0 1 7 3 4fc. WilOift L^&8lfc LT. huIB 
-SgcDT-^-^Dli. TMRJgflfl^fclSftWfcffiT 

§-£&v«<7>M$fc$;h.6. 
[ 0 0 1 8 3 4fc. *B9J*>#4 U*8«fc LT. HufS 
-jgcDA^-XDte. 0. 0 2/imiy±t^|.J:afc« 

10 fi£$ft&., 

[ 0 0 1 9 3 4fc. *»H«*F4 U^JBttfc LT. flffie 
-ScOX^-XDfi, 0. 0 2A«mKUi~0. 3/<mja 
Tl:*4J:dfcl(!l«S*t4. 

[ 0 0 2 0 ] *Jt. Lif\fl!«t IX, mi 

-SW<-XDI1 0. 0 2^mlM±—0. I5um 

mtzzzoizmfoztit. 

[002 1 ]*^:. *W%<r)M i L\WSkh. LX. me 
5S«tt7y-«OWStt. 2 0~5 0 0AO^HfclSS 

20 [ 0 0 2 2 3 *fc, *IBW0»4 L^fflWt . m£ 
hy*;i^«B8±. *<9£*IS&ffli&iffi#A b s (Air 

Bearing Surface) S-^fg-f h i. 0 fcJ^jSSilS . 
[ 0 0 2 3 ] 4fc, *«IBO04 U^SWt LT, mTte 
3t88tt7U-«i, ^7 x'JM (synthetic ferrima 
gnet)*><^««§ix|,„ 

[ 0 0 2 4 ] *%H*0ff4 U^SRftt LT, fffB 

am rx^mi. mmmm t<iimmmn. 

30 [ 0 0 2 5 3 4fc, *&HJ]<9#4 L^Sttt tT. huIB 

5fc8ttt y vmvmt* t-y-y ^-r y±i6 
Jf#\ ltE5fc«ttty hbo h y^A'«j rmt&th 

mtm<7)mtzmmztix%z>£dizffitfLzti&. 
[0026] 4^, #mn&t u«t lt. tine 

h y *;l^Sfl»i, SIS h y*/HHRSr«tr J: 3 fc*f 
fcffij^Stt?.. 

[ 0 0 2 7 3 4?t, *l6BJO»4 U^JBWt LT. luffi 
-Momffi^^OJ: -5 fc*f|6|ffiS?n3t-*fC0v— 

[ 0 0 2 8 ] 2 fc, *«WO#4 L^St^t LT . I4IB 

hXolzffitflZtil. 
[0029] 

iz-o^xmmizwm-h. 

[ 0 0 3 0 3 0 1 li. jWWHw h y *;waESOfflS0»l® 
^•y H 1 (OT. *fc TTMRA.-y K 1 j tm-) COft 
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IZWMZtl&ffi ( ABS : Air Bearing Surface) fcffl 

a-r*. 

[0031] iWgflPMBJBfciNvC. TMRA.. y K l 

3£«B£T^S. "Mrfc^ r-y*rt^««3tt. 1-y 
*/l/A y 7® 3 0 k . h y*;l^ \* 'J 7JI 3 0 £$tf <fc 3 

t t"c»jjtS*i«:3iaHt7 'j -12 o taoety hi 
4 o $ titz zmmm&ZG lx^&. mm ? y 

t e * (7 u -) £«flw)|p|£ J: a fcfww io 

*. »S8tttyHJ14 0«, **)BHfcfrl6lJ^ t 
^T-j^to£to<J:3ceyjlAS*iTv>* (Hi« 
«^tyjfc*Sfi*«ft;o*W4ttB«IMT**|flI) . 

4 o om-ft^- ty-y^-t* fca6co t°y±#>i 5 o **» 
«rifflfc»ttey K*4 0<7) h y*^Ay rs 3 o k«t 

*ntRW<offlt:stas*L*. 

[0 0 3 2] £oi^»hy**^JiK3tt. *o#Jl 

IgffittJSgffitfABS (Air Bear ingSurf ace) £«;LT 

JIM 3 £flMWS h y*;krt U TM 3 0 k . h y*/Ws* 
U 7* 3 0 * Rtr J: -3 fc LT0j£$*ut3£JItt7 'J -Jf 

2 o fc»«ttey k*4 ontix&ijtofflmmim 

-^•y HitSBiBS-flliat5J:dt:8Eaj-t*J:a<c-t*c:" 
fcjWI4U\ £<D<fc3&ffiBx;kt£.rk(c<J:9. Mi 

tf , 3iaat7 y —flf 2 o oao^^^ v hsbbhcb 

iMtfcflMtk &kx , h y*;«^)n^i% < & 

[0033] *HWfctStf**IEa»tt7 U-12 0 
ti. Ell (c^S^i* X i iztcoMttfa mm<r)ttH 30 
ft) M^K**l-efUWi3fl««ffilif$*UtA>f TX 

ft4*se i . 6 1 tiot, «Ktt7 y -mnmn 

fLSi-dJC^T^*. 

[0034] 3^SI«tt7 U -M 2 0 (AM 

£§ft*. 3*«tt7y-«2 0ii. -t«ftSLf*«aaK 
ttb-y h'Ji4 o«l$ l p i 9 i>*vv}tf£ii\ 

»fc. 3$S8ttt"y FJg4 0i0ft¥^|fijRJga5fia ( 40 

yh«gisajLtt-c^$ft.*> £<oi>iz hizm^zti 
amm&2 oazzti?tim%&£oi l z®£iiii 

#1. 9i«tt7i;-ji2oo-«»*i5«>"cv^*. 

[0035] 5*«tt7 U -S 2 0 Oj^fi^S L f 
tt. 0. 5~-2 0vmg.k*tl&. ifc. !t«ftty 
HS4 OttJS^flhftS Lp £<WflTO8£3*lft3ia 
tteyF«4 0CDj£5RSPfl[2 6aO*§Lf e {i % 0. 1 50 
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-5//mmSk^tL*„ 

[0036] i(Oi"3 4gfi«Ett7'J-*2 0<O||J|K0«; 

3fia5{42 1 ic. am 7*tt$#&6 1,61 ifimm 

■VW&Ztih. *4 77.#4#&6 1.61 7&*»Ji$ix 
fclHNi. i£3II3Sft2 1 k£8te£$*u BHfcfriWi* 

ep (« i ) ^isit@*sft*. am rxn^me 1 , 

6 Hi. **vffu 01t^$*i*J:afc«rE3HKttt 
y Fit 4 0 0£##faiPf»6 *il/Pih.— jgtf)*'*- 

[0037] -3 fr-^T.^-T.Dti, -hlE*3e 
0M^A { afflL^^*^rf1lij±CC'J)*^ r ex tra curren 
t channel effectj $>*V>{± r three current channel 
effect j £>$*£R&ifcU TMR$tf&$H&TZit%^ 
tzMZ'i&gttx^-xX'fol , znDnmt^y vem. 

m±M*ikfetimz. TMR%mwi$:mmmz{& 
TZtt^m&co£zt?&zttf<mx'$>z>. Mm 

^tmik%.mzj;<owm%.-t&zktimzu\ ® 
(c s ^n*L\w&tLxmsftizjL&zixt&m 

W*=S:6tf. mIB-^m^-XD«i, o. 0 2>«m 

J3I±. 0. 0 2jLfmja±0. 3^mOT^IEffl. 

S6tti0. 0 2/imULkO. 1 5^m*gftfO®H 
(0. 1 SumZ^&tc^) ttiz\tmtu\ £ 
<?)Dc7)il*\ 0. 0 2^m3fe*ftt^r*i:, v>»|>±ia 
CO Textra current channel effectj ig^A { ;tLTTM 
R^im i ffiT-r*ffif6ltS)*. £<0-^TC\ £(0Dffl 
A***<* l )a?T, 0. 3^mSr@il»t, W}hy 

i^i%<t{:mm$Lih. Gmhyvtrnzmzn 

jmiZ^l&tlbDmteO. 0 2umKJ±0. 15^m 

*iSo^H(0. l 5^m^^u) k-r*£k*iff 

[ 0 0 3 8 ] ttz. *»BHfctsft*mft3t«tt7 y-jg 
20«0/?^i±, 20-500A. jff^L<(i. 40-3 
0 0A. J:f)#4L<li6 0~2 0 0A<0«Hta£S 
tih. ZvmZtf. 2 0A#}!fc&*k, mlE«JStt7 
•J -Jg 2 0 Oft$*[6jc?)S§ Lf $ k t * 

zttffc®m±. wm&i>. £ cows #50 

0A^@i*k. »«tt7U-Srt««0l*tt<9tf$>-3& 
(CiO. *i^»«^W±t, IfiilWfcTMRSEft 

ixizot^o im&mi t * . 

[ 0 0 3 9 ] m 1 fcflajjnSil/tTMRA^y F 1 <kfo<7)ffi 

&mmz s mixt3<t. hy^;^»g3i±, m 
uztitc-tt<nmm7 1,75 km%mz%£Ziix^ 

* . § 6 1 7 1,75 Sr0®<7)±T^|6] 
•mtfJ: 5 t-^^-zl- K«8 1 , 8 5 jWftfcSfu 

-cti, 3SEtt7 y-« 2 0 (wmm-HMt . 

k<ffi»19 1 , 9ljWaSS<t*. Sfet. AMT7 
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ft4¥S6 1, 6 l<D_LKfc»«9 3, 9 3*«S 
*U Cl<0ffiS®9 3, 9 3{ilMlSX^-XDOg|i^2t 
A^iiA-T^i,. O . iM 7x#-5#&6 1 , 

6 1 1 hy*)w*vTM3 ocotm^mmzn^htii} 

[0040] »8tt7 U-Jl 2 O^Kttty FJf 4 0 

E*try#«>m##£l,<, Witf. Fe, Co, N 
i, FeCo, NiFe, CoZrNb, FeCoNi 

<tV\ 3S«tt7U-Ji2 0«|RflBi, 2 0-500A, 
Jlf*L<tt6 0~2 0 0Ai:S*U. fSMifiW- 

$. 3i«ee>'HJi4o^)«twi % io~iooa. » 
I. insists. 

[0041 ] StKttty HI 4 OWflWtttVjfcA-tS 

$>tlh. ffSJi. »«. 6 0~20 0AgKtS^S. 
[0 0 4 2] ZZX\ &8tt h y*^OSUfifiB»»t:o 

^tsi i isxvmszmx^mmmwLxiiK. 

lZh> 7/1 3 0 £tttrHtt«05S«ttJB 2 0,4 

o ia^> wf*mt:«a[^aE-r»^(c . m^mmm 2 

0 , 4 0St:tJJt65v«oaft«ffl*Wlie(cfl^LT h 
£#fel*a'ajfiT*£^&<y)T*2bS. 05 (A) 
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